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SUMMARY 

A method w a s  developed fo r  t he  quant i ta t ive  ana lys i s  of  t h e  combustion 
products obtained from t h e  f i r i n g  of a l i qu id  oxygen-liquid hydrogen rocket 
engine. The fixed gases hydrogen ( H z ) ,  oxygen ( 0 2 ) ,  nitrogen ( N z ) ,  and 

* helium (He)  were determined by use of  an a n a l y t i c a l  mass spectrometer. The 
M i n l e t t i n g  system of t h e  mass spectrometer has been modified f o r  high pres- 
w sure sampling. Samples were obtained a t  t h e  t i m e  o f  t h e  rocket t e s t  run a t  

t h e  chamber pressure of t he  engine using a high pressure gas cyl inder .  

N 

cn 
* I  

The concentration of water ( H 2 0 )  was determined by a two-phase analysis .  
The vapor phase ( 3 ~ 0 ) ~  was analyzed by a sorpt ion hygrometer and t h e  l i q u i d  
phase (HZO)~ by weighing a t a r ed  desiccant column. 

The weighing technique was cross-checked by weighing t h e  sample cyl inder  
"dry" as w e l l  as "wet" .  The water (HzO)  w a s  quan t i t a t ive ly  recovered. 

INTRODUCTION 

L e w i s  Research Center engineers have been studying t h e  performance 
cha rac t e r i s t i c s  of  many chemical rocket engines. Among t h e  s tud ie s  a t  L e w i s  
include a project  t o  determine the  combustion i n s t a b i l i t y  cha rac t e r i s t i c s ,  
namely high frequency screech of  a l iqu id  oxygen (LOX)-liquid hydrogen (LH2) 
engine. 
made t o  analyze the  combustion products o f  the engine t o  determine whether 
screech is  a function of design or combustion. It has been found t h a t  high 
frequency screeching w i l l  destroy an engine within seconds of f i r i n g ,  and t h e  
heat t r a n s f e r  rates t o  increase from three  t o  twelve times normal.. 

I n  support of t he  combustion i n s t a b i l i t y  program an attempt was 

The subject  of  t h i s  repor t  w i l l  be t o  discuss  t h e  development o f  an 
a n a l y t i c a l  method t o  quan t i t a t ive ly  determine t h e  combustion products of 
t h e  rocket  engine. 

The combustion products were sampled a t  t he  engine chamber pressure 
using a high pressure s t a i n l e s s  s teel  gas sample cylinder.  The f ixed  gases, 
hydrogen ( H z ) ,  oxygen (02), nitrogen ( N 2 ) ,  and helium ( H e )  were analyzed by 
use of an analytical  mass spectrometer modified f o r  high pressure sampling. 
The water (H20) content w a s  determined by  a two-phase analysis .  
phase ( H z O ) ~  w a s  analyzed by a sorption hygrometer from 0 t o  25 000 pa r t s  
per mill ion,  and t h e  l i qu id  ( H z O ) ,  phase by d i f f e r e n t i a l  weight using a 
t a r e d  desiccant column. The weighing technique was cross-checked f o r  
accuracy by a l s o  weighing the  cylinder both " w e t "  and "dry". 
recovery of water was a t t a ined  by t h i s  method. 

The vapor 

Quant i ta t ive  
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TEST PROCEDURE 

A th ree-s tep  scheme f o r  t h e  analysis  of  t h e  combustion products i s  
b r i e f l y  out l ined  below: 

1. Fixed gases (hydrogen, helium, ni t rogen and oxygen) are analyzed 
by use of an analytical mass spectrometer. 

2. The water vapor content determined by a sorpt ion hygrometer 

3. Liquid water measured by a weighed desiccant  column 

The de ta i l ed  systematic ana lys i s  w a s  accomplished a s  follows: 

A. Fixed Gases 

1. The stainless steel  gas sample cyl inder  containing the  sample i s  
weighed t o  t h e  nearest  f i f t e e n  milligrams for t o t a l  weight o f  cyl inder  plus 
contents.  

2. Sample cylinder i s  comected t o  t h e  mass spectrometer high pressure 
i n l e t  system a t  i n l e t  valve, Vg, ( f i g .  1). 

3. The i n l e t  system was vacuum purged t o  t h e  cyl inder  valve C1 with 
valves v6 and V10 closed. 

4. Close valve V7 and vacuum valve V4. 

5. Pressurize  the  i n l e t  system t o  valve V7 and then close valve C1. 

6. Relieve the  excess pressure by slowly opening valve Vl0 and 
quickly c los ing  valve Vl0. 

7. The sample gas was then introduced t o  t h e  mass spectrometer using 
t h e  standard operating procedure f o r  mass spectrometer analysis .  

8. The mass s p e c t r a l  pat tern was evaluated and t h e  concentration i n  
mole percent is  computed f o r  each const i tuent .  

B. Water Vapor Analysis 

1. The sample cylinder was then purge connected a t  valve C2 t o  t h e  
moisture ana lys i s  manifold ( f i g .  2 )  a t  valve VI wi th  valve C2 l e f t  open 

2. A t a r e d  "dry" desiccant  column was  placed between valves V2 and 
v3 

3. With valves V2 and Vg closed, t h e  water vapor content was de- 
termined b y  use o f  t he  sorpt ion hygrometer. 

4. A f l o w  r a t e  of 1500 cc/min was es tab l i shed  by opening valves VI 
V4, t h e  f l o w  maintained by t h e  hygrometer flow cont ro l  valve on t h e  and 

instrument. 
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5. When a s t a b l e  moisture content was determined and recorded, t h e  
cyl inder  was allowed t o  r e l i e v e  its excess pressure through t h e  instrument, 
by not ing t h e  loss  o f  flow rate on t h e  instrument rotometer. 

6. When t h e  pressure had reached nearly atmosphere pressure,  valve V4 
was closed. 

C. Liquid Water Content 

1. A dry  helium cyl inder ,  w i t h  t h e  pressure regulated t o  approximately 
f o r t y  pounds per square inch gauge, was purge connected t o  t h e  sample cyl-  
inder a t  valve C1 with C 1  closed. 

2. Nichrome heat ing tape  connected t o  a var iab le  powerstat w a s  wrapped 
t i g h t l y  around the  sample cylinder.  

3. The heater  w a s  turned on and control led by t h e  powerstat. 

4. Valve C1 was opened t o  pressurize  t h e  cyl inder  with helium t o  
approximately f o r t y  pounds per square inch. 

5. Valves V2 and V3 were opened and the sample gas pressurized 
with d r y  helium t o  dr ive  t h e  l i q u i d  water from t h e  cyl inder  t o  be trapped 
on t h e  desiccant  column. 

6. The sample, plus helium, was allowed t o  flow f o r  one hour while 
monitoring t h e  moisture content of  t h e  e f f l u e n t  gas. This was done t o  in -  
sure t h a t  no water w a s  e lu ted  from t h e  desiccant  column. 

7. A f t e r  one hour, t h e  helium was turned o f f  and t h e  desiccant  col-  
umn w a s  i so l a t ed  by closing valves V2 and Vg. 

8. The cylinder was allowed t o  cool  t o  ambient temperature. 

9. The desiccant  column and cylinder were disconnected and each re- 
weighed and t h e  weights recorded. 

Dessicant column: 
8-mesh anhydrous calcium su l f a t e .  

A coi led 4-foot by 3/8-inch copper tube, packed with 

CONCLUSIONS AND RESULTS 

The use of a mass spectrometer f o r  t h e  ana lys i s  of t h e  f ixed  gases is  
w e l l  es tabl ished;  however, t h e  sampling o f  high-pressure gases (over 
300 ps ig)  without the use o f  a step-down pressure regula tor  is  not rout ine.  
The high-pressure i n l e t t i n g  system af fords  vacuum purging t o  t h e  sampler 
valve without using rrleaky" regulators .  

The r e s u l t s  of two t y p i c a l  analyses a r e  shown i n  t a b l e  I with t h e  com- 
ponent concentrations expressed i n  moles of gas present.  

The determination of l a rge  concentrations o f  water, both l i q u i d  and 
gas, a s  combustion products presented some problems. 
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It was e s s e n t i a l  t o  determine the  t o t a l  amount of  water present.  
have a suff ic ient  quant i ty  of  sample for a moisture determination required 
e i t h e r  a very high-pressure sample o r  a l a r g e  volume. 
high-pressure gas sample cyl inders  (working pressure, 5,000 psig)  of fe red  
a safe means t o  obta in  t h e  samples a t  t h e  chamber pressures required.  The 
sorp t ion  hygrometer with a range o f  0 t o  25,000 parts per mil l ion of water 
vapor was a convenient instrument f o r  t h e  moisture content because it 
of fered  a shor t  ana lys i s  t i m e .  

To 

S ta in l e s s  steel  

Stable readings were obtained i n  one minute. 

Liquid water w a s  determined by purging t h e  sample cyl inder  a t  150' 
Centigrade with dry helium and forcing t h e  water i n t o  a column packed w i t h  
eight mesh anhydrous calcium su l f a t e .  

The t a r e d  ''dry'' column w a s  reweighed a f t e r  an hour of purging and the 
To ensure e f f e c t i v e  absorption by the  recovery of  water was quant i ta t ive .  

column, t h e  e f f l u e n t  helium w a s  continuously monitored f o r  moisture content.  
In  each ana lys i s ,  t h e  water content of t h e  e f f l u e n t  helium did  not increase 
above t h a t  of t h e  supply helium, usually 4 t o  5 ppm. The r e l i a b i l i t y  of 
t h i s  method w a s  determined by in jec t ing  known q u a n t i t i e s  of water in to  t h e  
sample cyl inder  and performing the analysis  i n  t h e  described method. The 
r e s u l t s  of  t h e  absorption performance o f  an anhydrous calcium s u l f a t e  col-  
umn a r e  reported i n  t a b l e  11. The r e l a t ive  e f fec t iveness  o f  t h e  weighing 
technique was a l so  demonstrated by weighing t h e  cyl inder  " w e t  and dry." 
The f i v e  kilogram cyl inder  was weighed t o  kl5 milligrams by an a n a l y t i c a l  
balance with a capaci ty  of  nine kilograms. The loss i n  weight o f  t h e  cyl-  
inder  w a s  i d e n t i c a l  with t h e  absorbed water weight of  t h e  column. 

The technique f o r  t h e  ana lys i s  o f  t h e  combustion products from a 
LOX-LH: 
i n s t a b i l i t y  experiments performed. 

system w a s  found t o  be r e l i ab le  and t h e  r e s u l t s  were adequate for t he  2 
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TABLE I 

TYPICAL ANALYSES 

COMPONENT GAS 

HYDROGEN, H 2  

HELIUM, He 

NITROGEN, N 2  

OXYGEN, 0 2  

WATER VAPOR,  H 2 0  

WATER L I Q U I D ,  H 2 0  

CONCENTRATION, CONCENTRATION, 
MOLE 5 I MOLES 

0.303 

0.0606 

0 .0021  

0.00019 

0.0006 

0.017 

0. 266 

0 . 0 7 2  

0.00045 

0 .000048  

0 .0006  

0 .0078  

C S-4325i 

TABLE I1 

PERFORMANCE OF CALCIUM SULFATE COLUMN 

WEIGHT 96 WATER 
RECOVERY, 

5 

1 .0000  1 .0008  1 0 0 . 0 8  

0.5055 0.4855 9 6 . 0 4  

2 .0160  1 . 9 8 1 1  98. 26 

CS-43258 
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